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SUBJECT:  USAAEFA  Report,  Preliminary  Airworthiness  Evaluation  of  the  UH-1H 
with  Hot  Metal  Plus  Plume  Infrared  Suppressor  and  Infrared  Jammer, 
USAAEFA  Project  No.  80-06 


SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Development 
and  Qualification  position  on  subject  report.  The  report  documents  the  test 
results  of  the  subject  evaluation  and  substantiates  that  the  handling  qualities 
of  tlie  JUH-1H  with  the  Hot  Metal  Plus  Flume  Suppressor  are  essentially  the 
same  as  those  of  the  standard  UH-1H  helicopter.  The  tail  boom  surface  temper¬ 
atures  were  generally  higher  than  those  reported  by  Bell  Helicopter  Textron 
for  the  Initial  design. 

2.  This  Directorate  agrees  with  the  report's  conclusions  and  recommendations. 
Additional  design  development  is  in  progress  by  BHT  under  Army  contract  and 
further  flight  testing  will  be  conducted  which  should  accommodate  the 
recommendations  and  conclusions  of  this  report. 
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DISTRIBUTION 


INTRODUCTION 


BACKGROUND 

1.  The  United  States  Army  requires  a  reduced  infrared  (IR)  signature  and 
increased  protection  from  IR  seeking  weapons  lor  its  aircraft  To  achieve  these 
goals,  the  US  Army  contracted  with  Hell  Helicopter  Textron  (Bill  )  to  develop  an 
installation  to  accommodate  a  Garrett  Ai Research  Manufacturing  Company 
(Garrett)  hot  metal  plus  plume  (HMPIM  IR  suppressor  kind  an  AN/ALQ-I44  IR 
jammer  on  the  I'H-IH  helicopter.  *BI1T  was  required  t|  |>rovc  feasibility  of  the 
HMPP  IR  suppressor  design,  conduct  limited  Bight'  testing,  and  assess  IR 
cooling. Flight  testing  of  the  initial  design  hy  BUT  showeil  that  the  suppressor 
pressures  and  the  suppressor  and  tail  boom  temperatures  were  acceptable: however, 
the  directional  stability  characteristics  ot  the  aircra't  were  degraded.  BUT  initiated  a 
redesign  of  the  suppressor  anil  jammer  installation  to  reduce  the  airflow  disturbance, 
which  was  believed  to  be  causing  the  degradation  of  directional  stability.  The  US 
Army  Aviation  Research  and  Development  Command  (AVRADCOM)  directed  the 
IIS  Army  /vviation  Engineering  Flight  Activity  t  USA  AFT' A)  to  perform  a 
preliminary  airworthiness  evaluation  (I’Al  t  of  the  Ull-lll  with  the  redesigned  IR 
suppressor  and  jammer  installation  < ref  I  app  A).  A  test  plan  (ref  2)  was  submitted 
in  January  1 98 1  and  an  Airworthiness  Release  ircf.M  was  issued  in  February  1981. 


TEST  .OBJECTIVES 

2.  The  overall  objectives  of  Bus  I’Al  were  to  determine  if  the  redesigned 
suppressor  and  jammer  installation  lunged  the  handling  qualities  of  he  I  ll-Ill 
and  to  conduct  a  survey  of  supptessor  pressures  and  suppiessor  and  tail  boom 
temperatures. 

t 

3.  Tile  specific  test  objectives  were  i 

a  To  provide  quantitative  and  qualitative  Bight  test  data  of  the  aircraft 
handling  qualities 

b.  To  determine  suppressor  pressures  and  suppressor  and  tailboom 
terrqvratures. 


DESCRIPTION 

4  The  UH-III  is  a  thirteen-place  'ingle  engine  helicopter  using  a  single  two-blade 
teetering  main  rotor  and  pusher  tail  rotor.  The  masiimun  gross  weight  of  the 
helicopter  is  ‘>500  pounds.  Power  is  provide.!  by  ,i  |  scouting  153-1. -13  free  turbine 
engine  rated  at  1400  shall  horsepower  (SHIM  However,  the  helicopter  is  limited  by 
the  transmission  to  1100  SUP.  A  more  complete  description  may  be  found  in  the 
detail  specification  trel'5.  app  A)  and  the  operator’s  manual  trel'4).  The  test 
helicopter  was  a  Jl  ll-IH  S  \  (.9-15532.  The  significant  external  differences  from 
the  standard  MI-MI  were  removal  ot  the  cargo  hook  ami  the 
addition  of  an  airspeed  boom.  l) .5  feet  long,  mounted  on  the  centerline  of  the 
helicopter  at  the  base  of  the  windshield  center  post  Internal  differences  consisted 
primarily  of  the  instnimen.ation  system.  These  differences  had  no  significant  effect 
on  the  Bight  test  results.  i 
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5.  The  IR  suppressor  and  jammer  installation  consisted  of  a  Garrett  HMPP  IR 
suppressor,  originally  developed  for  the  AH-IS  helicopter,  an  AN/ALQ-144  IR 
jammer,  and  a  redesigned  aft  engine  cowl  to  support  the  suppressor  and  jammer. 
A  more  detailed  description  of  the  I R  suppressor  and  jammer  installation  is  provided 
in  appendix  B. 


TEST  SCOPE 

6.  Flight  testing  was  conducted  at  Edwards  Air  Force  Base.  California,  ^elevation 
2302  feet)  and  Bakersfield.  California,  (elevation  400  feet)  during  the  period 
16  January  1081  through  18  May  1081.  A  total  of  1 6  (lights  were  conducted  during 
which  20.7  hours  were  down.  Tests  were  conducted  in  two  phases.  The  first  phase 
consisted  of  an  evaluation  of  handling  characteristi.  s  with  primary  emphasis  on  the 
lateral-directional  stability  characteristics  of  the  an  raft  with  the  IR  suppressor  and 
jammer  installed.  Data  were  also  taken  with  the  aircraft  in  the  standard 
configuration  as  a  basis  for  comparison.  The  second  phase  tests  were  primarily  a 
survey  of  IR  suppressor  pressures  and  suppressor  and  tailboom  temperatures.  Flight 
restrictions  and  operating  limitations  contained  in  the  airworthiness  release  (ref  3. 
app  A),  and  the  operator’s  manual  (ref  4)  were  observed.  Where  possible,  flight  test 
data  were  compared  with  the  applicable  specifications  ireN  "  and  o)  and  with  data 
obtained  from. previous  tests  ot  the  I  ll-Ill  dels  7.  K.  and  l>).  Flight  tests  were 
conducted  under  the  conditions  specified  in  table  I . 

TEST  METHODOLOGY 

7.  Established  Bight  test  techniques  were  used  throughout  this  evaluation 
(ref  10.  app  A).  Test  methods  used  are  briefly  discussed  in  the  Results  and 
Discussion  section  of  this  report.  The  handling  qualities  rating  scale  tllQRS)  shown 
in  figure  I .  appendix  I),  was.  used  to  supplement  pilot  comments  on  handling 
qualities.  All  flight  test  data,  during  the  handling  qualities  tests,  w  ,'rc  obtained  from 
calibrated  lest  instrumentation  and  were  recorded  on  magnetic  tape.  Data  obtained 
during  the  press 1 1 re t e m pe ra t u re  survey  were  recorded  both  on  magnetic  tape 
(pressures)  and  by  hand  from  cock  pi.  instrumentation  (temperatures).  A  detailed 
listing  of  the  test  instrumentation  is  contained  in  appendix  C.  Die  definitions  of 
deficiencies  and  shortcomings  used  during  this  test  and  data  analysis  methods  used 
are  presented  in  appendix  I). 
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RESULTS  AND  DISCUSSION 


GENERAL 

N.  This  PAL  was  an  evaluation  of  a  redesigned  IR  suppressor  and  iR  jammer 
installation  for  the  Ill-Ill  helicopter.  The  initial  design  was  reported  by  BHT 
(ref 'I,  app  A)  to  have  caused  a  degradation  in  directional  stability.  The  installation 
was  redesigned  to  reduce  the  airflow  disturbance  over  the  vertical  stabilizer.  This 
evaluation  was  conducted  in  two  phases.  Phase  1  was  a  comparative  evaluation  of 
handling  qualities  of  the  Ill-Ill  in  both  the  standard  and  IR  suppressor 
configurations.  Phase  II  was  primarily  a  pressure  and  temperature  survey  of  the  IR 
suppressor  configuration.  The  handling  qualities  ol  the  l  H-lll  helicopter  were 
essentially  unchanged  by  the  IK  suppicssor  .nd  IR  jammer  installation  tested.  The 
previously  reported  degradation  m  directional  stability  was  not  observed  during  this 
test,  rile  tail  boom  surface  temperatures  were  generally  higher  than  those  reported 
by  Hill  for  the  initial  design  ami  the  structural  implications  of  these  higher 
temperatures  should  be  investigated,  thie  deficiency,  the  metal  to  metal  contact 
between  the  engine  exhaust  ejector  and  the  IR  suppressor  innercore  support  struts, 
was  identified.  No  new  specification  non-compliances  were  identified  as  a  result  ol 
the  IR  suppressor  installation  on  the  I  M  l  II  helicopter.  Three  shortcomings  were 
identified. 


HANDLING  QUALITIES 

General 

‘J.  The  handling  qualities  ol  the  l  'll- 1 II  were  evaluated  at  the  lest  conditions  listed 
in  table  I  All  tests  were  conducted  using  standard  (light  test  techniques  (ref  10. 
app  A).  Tests  were  conducted  with  the  IR  suppressor  and  IR  jammer  installed 
and  repeated  with  the  standard  I  ll-Ill  tailpipe  installed  Data  obtained  from  tiiese 
tests  were  compared  to  determine  it  the  handling  characteristics  ol  the  HIM  FI  were 
significantly  .iff'clcd  by  the  installation  o|  the  IR  suppressor  system.  Additionally, 
data  were  compared  will;  previous  tests  of  a  standard  I  Hill  (refs  7  and  8)  and  a 
previous  design  of  tiv  IR  supp-cssor  installation  tref'M.  lest  results  show  that  the 
handling  qualities  ot  the  I  II  I  II  are  essentially  unchanged  by  the  installation  of  the 
IIMPP  IR  suppressor  and  AN  A I  (.>-1  14  jammer 

Control  Positions  in  Trimmed  Forward  Flight 


10.  The  control  positions  were  evaluated  in  level  (light  and  in  clirm  s.uul  descents. 
Test  results  are  presented  in  figures  I  through  (>.  appendix  I  Hie  contiol  positions 
in  trimmed  forward  High!  were  essentially  unchanged  from  the  standard  UH-IH. 

■Static  I  oiigitudilt  il  Stability 

11.  Tests  were  conducted  in  Vvel  flight  lor  both  the  standard  and  the  IR 
suppressor  configurations  Climbs  were  conducted  at  inlcimcdiatc  rater  power  (IRP) 
anil  descents  were  conducted  at  approximately  10  pounds  per  square  inch  (psi) 
indicated  engine  torque,  in  the  IR  suppressor  configuration  mm  .  Data  arc  presented 
in  figures  7  through  it),  appendix  1  The  aircraft  exhibited  positive  longitudinal 
control  force  and  position  stability  lor  all  conditions  tested.  Qua1  tativelv,  (he 
st.ib'ht v  eh  irac'eri'ti' s  observed  during  climbs  and  descents  were  similar  to  those  of 
(lie  standard  I  IMII  .iiuall  The  static  longitudinal  stabilitv  was  essentially 
unchanged  by  the  installation  of  the  IR  suppicssor  assembly. 
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Static  Lateral-Directional  Sinhilitv 


12.  The  tests  wcie  conducted  in  level  llieht,  climb,  and  descent.  Tire  standani 
confieuralion  wax  evaluale'.l  in  level  llijtit!  only  Test  results  are  pr-sented  in 
liyu res  II  llirnuidt  14,  appendix  I  .  I  he  lest  ancralt  exhibited  both  positive 
directional  stability  and  posit  is  e  dihedral  cl  feet.  A  dneel  comparison  between  the 
!R  suppressor  configuration  (lie  I  I )  and  the  standard  configuration  (tip  12)  shows 
essentially  t'o  ehanpe  in  lateral-directional  stability  characteristics,  Stability 
characteristics  dnrine  climbs  and  descent--  o,nalit:itiu'h  were  imehanued  from 
standard.  I  !l  I- !  1 1  auei.it  l  I  he  si.il  ic  lateial-dneetional  stability  of  the  l  1 1  - 1 1 1  aircraft 
was  essentially  unvli.mced  by  the  installation  nl  the  IR  suppressor  system. 

Maneuvering  St  ihilit y __ 

13  I  lie  maiuciciuir  si .i n i i 1 1  v  ch.ii  a.  t .  i  I'he-  were  evaluated  usinp  constant 
airspeed  left  ami  uelii  turns  with  ilv  ^ollecioc  contiol  fixed  at  the  initial  trim 
position  l-lipht  test  data  for  bulb  tbc  IK  soppiessoi  m-.tallalion  and  the  standard 
llll-l  II  are  piesenled  m  liemc'  15  and  lb.  appendix  I  iesp.-(  lively.  The  stick-fixed 
stability  teontiol  position  w  load  i ,iv- 1 •  >r >  was  pospnc  l-u  tiie  load  factors  tested . 
Control  position  pradients  were  smiiliar  i*r  both  eonlipurations.  (Jualitatively  there 
was  no  mv  ic.  tin-  -.ti.l.  s.  •  si.d'.iiiy  i,.'ii:>l  buse  vs  load  factor).  I  he 
i  nan  euverine  s!  a  bib  i  \  .  I  mi.:.  U  n-.ius  v,  e ic  css.'  nl  i.diy  (lie  same  as  l !  lost  noted  lor  the 
standard  DIM  II 

Dynamic  Stability 

14.  The  loiH’ilmimal  Jy.i.imu  si.ibihly  el. .ii.u  lerislies  were  evaluated  in  level  tlipht. 
Data  are  piesenled  in  li-mes  i  ~  lluooeb  Id.  appendix  I  .  Both  the  short-term  and 
lone-term  dynamic  response  was  essenti.dk  deadbeat  and  no  dilleienee  was  noted 
between  the  lit  soppiessoi  and  stand. ml  tailpipe  coni ioiiral inns. 

15.  The  laloi.il-dileelmn.il  dynamic  slabdity  characteristics  were  evaluated  in 
level  tlipht  lor  both  the  stand  aid  and  the  lit  snppicxsor  confiuurations.  Directional 
control  doublets  and  poke-  were  the  mo- 1  eliectl'.e  methods  of  exeitillp  the 
lateral-direction  oscillation  I  lata  bn  Di - 1 ):■  eooliem.ilions  aie  piesenled  in  fieures  20 
tlirouph  2S.  appendix  I  A  b  -iitb.  damn.-d  mil-yaw  oseill.it ion  was  observed  tor 
both  conllpuraiituis  tested  lie-  installalnm  ol  1 ! u-  IK  suppressor  system  had  no 
sipnilieanl  elleet  •  >n  the  l.itei.il-dneeiio:i.il  e li.uaetei ixties  of  (lie  standard  D’ll-lll 
helicopter 

Low-Speed  I  belli  (,'li  ir.u  leris ties 
General 


lb.  Testinp  w.i-.  aeeomplislieil  iisme  ilie  eiimnd  pne  eelmle  method  at  ,i  constant 
skid  heiplit  ol  Hi  beet  m  wind-  o|  s  |  n-.»!s  m  less  Data  were  recorded  -it  5  knot 
iiiciviiients  In. m  a  bmei  I"  4tl  kn  its  i>>iw.mi.  3b  knots  le.ilxvald.  ami  35  knots 
sideward  lliylil  (  uni  n  >1  e  vein  sums,  is  piesenled  on  I  lie  data  plots,  pave  an  indication 
ol  pilot  woik  load  ami  wcie  supplemented  I”,  pilot  ipi, dilative  eommenls.  The 
lesldls  ol  liii-se  I,  sis  We:e  esiir.ii.il  lo  Hits.  picxuuisk  lepnlled  lei  the  sl.mdard 
1  11-  I  H  In  In -opt  a  H  i--  '  .m.l  -V  app  \i  |  li  low  speed  h, indium  .pialilies  of  the 
Dll-Ill  ei|uipped  with,  the  IK  siippiesso!  and  i.mime:  wei  essentially  uitelliineed 
I iiiiii  the  sian.l  n 4  s ■  * 1 1 1 1 ! i ; i  ilum 


Forward  anti  Rearward  Flight: 

I?.  The  results  of  the  forward  and  rearward  flight  tests  ;  re  presented  as  figures  29 
and  30.  appendix  F.  Figure  30  shows  that  at  rearward  ai -speeds  of  16  to  29  knots 
true  airspeed  (KTAS)  (forward  eg  I32.lt  less  than  I (•  percent  aft  longitudinal 
control  margin  remained.  The  aft  longitudinal  control  inf  its  which  were  necessary 
to  control  the  aircraft  pitching  motion  within  the  10  to  i5  knot  range  resulted  in  a 
higher  pilot  work  load  <  Mt^KS  5 ).  as  documented  in  reference  8.  appendix  A. 
Depending  on  pilot  seat  position,  the  pilot  may  contact  equipment  attached  to  his 
survival  vest  with  the  cyclic  prior  to  reaching  the  full  aft  longitudinal  control 
position.  The  lack  of  adequate  longitudinal  control  margin  within  the  specified  limit 
of  the  operator’s  manual  was  previously  reported  as  a  deficiency  (ref  7)  and  was  not 
a  result  of  the  IR  suppressor  and  lammer  installation. 

Sideward  Flight: 

18.  The  results  of  the  left  and  right  sideward  High!  tests  are  presented  as  figures  31 
and  32.  appendix  I  The  longitudinal  trim  shift  of  approximately  2.5  inches  during 
left  sideward  flight  between  8  and  I  5  KTAS  is  characteristic  of  the  standard  UH-1H 
(ref  8.  app  \)  and  contributed  to  high  pilot  work  load  I IIQRS  5).  Figure  32.  shows 
that  it  the  left  sideward  (light  limit  of  35  KTAS  the  right  directional  control  pedal 
stop  was  contacted  Inadequate  direetion.il  control  margin  wjs  previously  reported 
.i'  a  defi>  iene>  lor  the  standard  l  ll-lll  (ref”)  and  was  not  a  result  of  the  IP 
suppressor  and  i.immcr  installation. 

Mission  Maneuvering  (  haracterislies 

1 9.  c'on fined  area  operations,  pinnacle  operations,  nap  of  the  earth  and  contour 
flight,  non-precision  and  precision  instrument  approaches  were  performed  in  light  to 
moderate  turbulence  to  evaluate  aircraft  handling  characteristics  in  turbulence.  No 
degreilalion  of  handing  qualities  due  to  the  IR  suppressor  installation  was  observed 
during  operation  in  turbulence  Fite  aircraft  response  from  light  to  moderate 
turbulence  was  essentially  unchanged  from  the  -q.mdard  lli-III. 

Simulated  Fngine  Failures 

20.  Simulated  engine  failures  were  performed  in  level  fi  ;  lit  by  rapidly  rolling  the 
throttle  to  the  flight  idle  detent.  Flight  controls  were  ic  u  f:  .cd  until  activation  of 
the  low  main  rotor  speed  audio  tone.  Data  are  presented  m  igures  33  through  36. 
appendix  I  .  Tests  showed  no  degreilalion  of  handbag  i  u.ilities  due  to  the  IR 
suppressor  installation.  The  aircraft  response  to  sin'in.-t  T  engine  failures  was 
essentially  unchanged  from  the  standard  I  ll-Ill 

Pressure  Survey 

21.  Static  and  total  pressures  surrounding  the  IR  suppressor  were  recorded  at 
the  test  conditions  listed  in  table  I.  The  type  and  location  of  the  pressure  sensors 
are  -  hown  in  t  ibis  I.  appendix  C.  Pressure  data  is  provided  in  tables  I  and  2, 
appendix  I  . 


Temperature  Survey 


22.  Temperatures  surrounding  the  IR  .suppressor  and  along  the  tail  boom  were 
recorded  at  the  test  conditions  listed  in  table  1.  The  locations  of  temperature 
sensitive  tapes  anil  thermocouples  are  shown  in  table  2,  appendix  C.  All  recorded 
thermocouple  and  temperature  sensitive  tape  data  are  presented  in  tables  3  and 
4,  appendix  I-'.  Generally  higher  temperatures  were  observed  than  those  previously 
reported  by  BUT  (ref '9.  app  A)  for  the  initial  IR  suppressor  installation.  This  may 
be  accounted  for  by  the  redesign  of  the  IR  suppressor  installation  which  resulted  in 
a  5  degree  depression  of  the  IR  suppressor  exhaust  centerline.  A  comparison  of 
maximum  tail  boom  temperatures  obtained  during  this  test  with  those  previously 
reported  by  BUT  is  shown  in  figure  1 .  An  increase  of  80''  l;  during  hover  and  140°  F 
during  low  speed  flight  was  observed.  Further  investigation  to  determine  the 
structural  implications  of  the  high  tail  boom  temperatures  observed  during  this  test 
should  be  conducted  prior  to  release  for  field  operations. 


RELIABILITY  AND  MAINTAINABILITY 
General 

23.  The  reliability  and  maintainabilitv  ol  the  IR  suppressor  and  related 
components  of  the  installation  were  evaluated  during  both  phases  of  testing.  Phase  I 
testing  was  performed  using  an  IR  suppressor  I  Ai Research  S  N  39-1)1)  which  had  a 
total  of  235  Bight  hours  when  it  arrived  at  I’SAAI  I  A.  A  new  IR  suppressor 
(AiReseareh  S/N  I2'M47)  was  provided  for  phase  II  testing.  The  new  IR  suppressor 
incorporated  modifications  which  were  designed  to  prevent  cracking  around  the 
inner  core  support  stmts. 

Phase  I  Testing 

24.  The  IR  suppressor  was* found  to  be  susceptible  to  cracking  around  the  struts 
which  support  the  inner  core  of  the  suppressor  unit.  When  the  unit  arrived  at 
USAAFFA.  numerous  cracks  were  discovered.  It  appeared  that  if  Bights  were 
conducted  without  first  having  the  unit  repaired,  small  triangular  pieces  of  metal 
could  be  dislodged  from  the  inner  core  of  the  unit  I  he  unit  was  repaired  by  welding 
prior  to  installation.  Fpon  completion  of  Phase  I  tests.  t'>.5  Bight  hours)  cracks  were 
again  observed  in  the  area  where  the  repair  had  been  made  as  well  as  small  cracks  at 
each  of  the  remaining  struts.  The  susceptibiltv  of  the  IR  suppressor  unit  to  cracking 
is  a  shortcoming  which  should  be  corrected  prior  to  io||ow-on  redesign. 

25.  When  attempting  to  latch  the  engine  cowling  open  using  the  latch  provided 
near  the  tail  boom  attachment  point,  the  engine  cowling  contacted  the  IR 
suppressor  fairing  and  could  not  be  hitched  without  deforming  the  engine  cowling.  If 
not  latched,  the  engine  cowling  could  cause  damage  to  the  fins  on  the  tailpipe  of  the 
suppressor.  Tlte  IR  suppressor  installation  should  allow  the  engine  cowling  to  be 
latched  open  in  the  same  manner  as  the  production  t  ll-lll.  The  inability  to  latch 
the  engine  cowling  in  the  open  position  is  a  shortcoming,  which  should  be  corrected 
prior  to  lullow-on  redesign. 

26.  A  small  mainteiiance-iiv.pection  door  was  provided  on  the  left  side  of  the  IR 
suppressor  fairing  only.  To  facilitate  maintenance  and  pre flight  inspections,  a  door 


should  be  provided  on  the  right  side  as  well.  The  lack  of  a  maintenance-inspection 
door  on  the  right  side  of  the  suppressor  fairing  is  a  shortcoming,  which  should  be 
corrected  prior  to  follow-on  redesign. 

Phase  11  Testing 

27.  During  removal  of  the  new  IR  suppressor,  warpage  of  the  aft  outer  ring  portion 
of  the  exhaust  ejector  (Bell  part  no.  205-068-217-101)  and  metal-to-mctal  contact 
between  the  exhaust  ejector  and  suppressor  were  discovered.  Score  marks  on  the 
leading  edge  of  the  1R  suppressor  struts  plus  warpage  and  tom  metal  at  the  aft  edge 
at  the  1  o'clock  position  on  the  exhaust  ejector  indicates  ejector  movement  of 
1 1/2  inch  against  the  struts  (photos  1  and  2).  The  1R  suppressor  struts  and  exhuast 
ejector  areas  were  carefully  inspected  on  each  daily  aircraft  inspection.  Damage  to 
the  above  was  discovered  after  3.1  hours  of  low  speed  flight  testing  and  1.5  hours 
of  ferry  flight  time  to  the  test  site  at  Bakersfield,  California  and  back.  Continued 
inetal-to-inetal  contact  between  the  engine  exhaust  ejector  and  the  IR  suppressor 
support  struts  will  cause  structural  damage  to  both  components  and  a  significant 
reduction  in  service  life.  Should  such  structural  damage  go  undetected,  portions  of 
either  component  could  break  loose  and  cause  damage  to  the  airframe.  An 
F.quipmcnt  Performance  Report  (FPR)  (80-06-1)  shown  in  appendix  F  was 
submitted  during  this  test.  The  metal-to-metal  contact  between  the  engine  exhaust 
ejector  and  the  IR  suppressor  innereore  support  stmts  due  to  the  positioning  of  the 
IR  suppressor  is  a  deficiency  which  should  be  corrected  prior  to  further  operation 
with  the  IK  suppressor  installed. 

28.  The  IR  suppressor  (S/N  I2‘>-147)  exhibited  four  burned  areas  on  its  outer 
surface  immediately  aft  of  the  fiberglass  fairing  (near  the  trailing  edge  of  the  IR 
suppressor  struts).  The  largest  burned  area  was  approximately  6  by  2  inches  at  the 
end  of  Phase  II  testing  (I  1.2  flight  hows).  An  HPR  (80-06-2)  was  submitted  and  is 
shown  in  appendix  F.  Further  investigation  of  conditions  creating  burned  areas 
(hot  spots)  on  the  IR  suppressor  is  warranted. 
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CONCLUSIONS 


GENERAL 

29.  The  handling  qualities  of  the  UH-1H  helicopter  were  essentially  unchanged  bv 
the  installation  of  the  I R  suppressor  and  jammer  (paras  9  and  19). 

30.  Tailboom  surface  temperatures  were  generally  higher  than  those  previously 
reported  by  BHT  for  the  initial  design  of  the  IR  suppressor  installation  (para  22). 

31.  One  deficiency  has  been  identified  as  a  result  of  the  IR  suppressor  and  IR 
jammer  installation  on  the  LI  1 1- 1 1 1  helicopter  (para  27). 


DEFICIENCY 

32.  The  metal  to  metal  contact  between  the  engine  exhaust  ejector  and  the  IR 
suppressor  innereore  support  struts  title  to  the  positioning  of  the  IR  suppressor 
unit  (para  27). 


SHORTCOMINGS 

33.  The  following  shortcomings  were  identified  during  this  test  and  arc  listed  in 
the  order  of  importance: 

a.  The  susceptibility  of  the  IR  suppressor  unit  to  cracking  (p»ra  24) 

b.  The  inability  to  latch  the  engine  cowling  in  the  open  position  (para  25) 

c.  The  lack  of  a  maintenance-inspection  door  on  the  right  side  of  the 
suppressor  fairing  (para  2(>). 


SPECIFICATION  COMPLIANCE 

34.  No  new  specification  non-compliances  were  identified  for  the  t  .41- 1 II  as  a  result 
of  the  IR  suppressor  and  jammer  installation. 


RECOMMENDATIONS 


35.  The  following  recommendations  are  made: 

a.  Correct  the  deficiency'  listed  in  paragraph  32  prior  to  further  operation 
wi til  1R  suppressor  installed  (para  27) 

b.  Correct  tire  shortcomings  listed  m  paragraph  33  in  follow-on  redesign 

c.  Investigate  tire  structual  implications  of  tire  high  (maximum  of  340°  F 
observed)  tailboom  temperatures  observed  during  this  test  in  follow-on  redesign 
(para  22) 

d.  Investigate  the  effects  of  the  burned  areas  (hot  spots)  on  tlte  effectiveness 
and  serviceability  of  the  1 R  suppressor  unit  (para  28). 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1.  The  test  helicopier,  US  Amiy  S/N  69-15532.  was  a  production  UH-1H 
modified  to  accomodate  test  instrumentation  and  the  IR  suppressor  and  IR  jammer 
installation.  The  principal  structural  modification  was  the  redesign  of  ihe  aft  engine 
cowling  to  provide  support  for  the  HMPP  IR  suppressor  and  the  AN/ALQ-I44  IR 
jammer.  Photos  1  through  4  show  the  test  aircraft  with  the  IR  suppressor,  IR 
jammer  and  test  instrumentation  installed. 


IR  SUPPRESSOR  SYSTEM 

2.  The  IR  suppressor  installation  consisted  of  four  major  components:  the  engine 
exhaust  ejector  (photo  5).  the  IR  suppressor  unit  (photo  6).  and  an  AN/ALQ-144 
jammer  (photo  7)  which  was  mounted  on  top  of  the  cowling  assembly  (photo  8). 
The  IR  suppressor  is  a  plug-type  suppressor  manufactured  by  the  Garrett  AiResearch 
Manufacturing  Company.  The  suppresor  uses  the  si/e  and  shape  of  the  plug  to  hide 
the  hot  engine  parts.  The  suppressor  also  had  circumferentially  oriented  vents  to  act 
as  an  ejector  to  entrain  compartment  and  ambient  air  to  mix  with  the  engine 
exhaust,  thereby  reducing  exhaust  gas  temperature.  Airflow  through  the  engine  was 
extended  aft  and  upward  by  the  exhaust  ejector  and  the  IR  suppressor.  An 
insulation  blanket  was  installed  on  the  engine  exhaust  ejector. 

3.  The  weight  of  the  complete  installation  was  approximately  127  pounds. 
The  weight  of  the  original  aircraft  components  replaced  by  the  suppressor/jammer 
installation  was  approximately  26  pounds  for  a  net  weight  increase  of  101  pounds. 
The  aircraft  basic  weight  ami  longitudinal  center  of  gravity  location  (with  test 
instrumentation  and  IR  suppressor  and  jammer  installed)  was  5930  pounds  at 
FS  142.0. 

4.  The  IR  suppressor  and  IR  jammer  installation  evaluated  during  this  program 
was  a  redesign  of  a  previous  installation  which  was  reported  to  have  caused  a  sign¬ 
ificant  degredation  in  directional  stability  (ref  9,  app  A).  The  redesigned  installation 
allowed  both  the  IR  suppressor  and  the  IR  jammer  to  be  lowered  in  order  to  reduce 
the  airflow  disturbance  over  the  vertical  stabilizer. 


FLIGHT  ENVELOPE 

5.  The  JUH-III  with  the  IR  suppressor  and  IR  jammer  installed  was  cleared  for 
flight  within  the  flight  envelope  specified  in  the  o|vra!or's  manual  (ref  6,  app  A). 
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APPENDIX  C.  INSTRUMENTATION 


The  airborne  data  aquisition  system  was  installed,  calibrated  and  maintained  by 
USAAEFA.  The  system  urad  pulse  code  modulation  (PCM)  encoding  for  standard 
handling  qualities  data  and  pressure  data.  Magnetic  tape  was  used  to  record 
parameters  on  board  the  aircraft.  A  test  instrumentation  boom  was  mounted  at 
the  base  of  the  aircraft  windshield  and  extended  forward  for  9.5  feet.  A  swiveling 
pitot  static  tube  and  angle  of  attack  and  sideslip  vanes  were  mounted  on  the  boom. 
Temperature  data  were  recorded  by  hand  from  a  manually  selectable  digital  display. 
A  total  of  24  thermocouples  supplemented  by  temperature  sensitive  tapes  were 
used.  Pressure  data  were  obtained  using  an  electro/mechanical  scanivalve  which 
sequentially  sampled  the  differential  pressure.  The  dwell  time  at  each  sampling  port 
was  0.5  second.  Instrumentation  and  related  special  equipment  installed  in  the 
aircraft  and  used  for  this  test  are: 

Pilot  Station 


Event  switch 
Copilot  Station 

Instrumentation  controls  and  displays 
Event  switch 
Control  fixture  (jig) 

Displayed  on  Instrument  Panel 

Airspeed  (boom  and  ship's  system) 
Altitude  (boom  and  ship's  system) 
Angle  of  sideslip 
Free  air  temperature 
Control  position 
Longitudinal 
Lateral 
Directional 
Collective 
Rotor  speed 
Engine  torque 
Fuel  used 

Tape  correlation  counter 
Hand  Recorded 

Temperatures  (shown  in  table  2) 

Oil  cooler  inlet  air  tempera  I  ure 

Recorded  on  Tape 

A*. speed  (boom  system) 

Altitude  (boom  system) 

\nglc  of  sideslip 
Angle  of  Attack 
Free  air  temperature 
Control  positions 
Longitudinal 
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Lutci.il 
Directional 
Collective 
Rotor  speed 
Lngine  torque 
I'uel  used 

Tape  correlation  counter 
Pitch  attitude 
Pitch  rate 
Roll  attitude 
Roll  rate 
Aircraft  heading 
Yaw  rate 
Throttle  position 
Pilot's  event 
Copilot's  event 

Center  of  gravity  nonnal  acceleration 
Longitudinal 
Lateral 

Time 

Pressures  (shown  in  table  I) 


Best  Available  Copy 


Table  1.  Pressure  Sensor  Locations 


Pressure 

Port  No. 

Type  of 
Measurement 

Pressure  Port  Location 

1 

Static  pressure 

3  o’clock  -  2  inches  standoff  at  mouth 
of  suppressor  (FS  21 3.3) 

2 

Static  pressure 

6  o'clock  -  2  inches  standoff  at  mouth 
of  suppressor  perpendicular  to  center- 
line  through  tFS  213.2) 

3 

Static  pressure 

9  o'clock  -  2  inches  standoff  at  mouth 
of  suppressor  (FS  213.2) 

4 

Static  pressure 

1  2  o'clock  -  2  inches  standoff  at  mouth 
ot  suppressor  perpendicular  to  center¬ 
line  through  FS  21  3.2 

5 

Static  pressure 

3  o'clock  -  1  inch  standoff  from 
suppressor  at  FS  223.' 

6 

Static  pressure 

(i  o'clock  -  1  inch  standoff  from 
suppressor  perpendicular  to  center- 
line  through  FS  223.7 

7 

Static  pressure 

9  o'clock  -  1  inch  standoff  from 
suppressor  at  FS  223." 

8 

Static  pressure 

1  2  o'clock  -  1  inch  standoff  from 
suppressor  perpendicular  to  center¬ 
line  through  FS  223. 7 

9 

Total  pressure 

3  o'clock  -  surface  of  suppressor  at 
first  inlet 

10 

Total  pressure 

ft  o'clock  -  surface  of  suppressor  at 

Hrst  inlet 

1 1 

Total  pressure 

9  o'clock  -  surface  of  suppressor  at 
first  inlet 

i: 

Total  pressme 

1  2  o'clock  -  surface  of  suppressor  at 
first  inlet 

13 

Total  pressure 

3  o'clock  -  surface  of  suppressor  at 
second  inlet 

14 

Total  pressure 

(i  o'clock  -  surface  of  suppressor  at 
second  inlet 

15 

Total  pressure 

9  o  clock  -  surface  ot  suppressor  at 
second  inlet 

16 

Total  pressure 

1 2  o'clock  -  surface  of  suppressor  at 
second  inlet 

17 

Total  pressure 

3  o'clock  -  surface  of  suppressor  at 
third  inlet 

18 

Total  pressure 

6  o’clock  -  surface  of  suppressor  at 
third  inlet 

19 

Total  pressure 

« 

9  o'clock  -  surface  of  suppressor  at 

1  third  inlet 

20 

Total  pressure 

1 2  o'clock  -  surface  of  suppressor  at 
third  inlet 

21 

Static  pressure 

Aircraft  static  (boom  system) 

NOTK ;  Suppressor  pressure  sensor  locations  are  illustrated  in  figure  1. 


Table  2.  Thermocouple  and  Temperature  Tape  Locations 


Thermocouple* 

Number 

Type  of 
Measurement 

Thermocouple  Location 

1 

Surface  temperature 

9  o'clock  -  engine  exhaust  duct  (FS  213.3) 

2 

Surface  temperature 

3  o'clock  -  engine  exhaust  duct  (FS  213.3) 

3 

Air  temperature 

9  o'clock  -  between  mouth  of  suppressor  and 
engine  exhaust  duct  (FS  215.3) 

4 

Air  temperature 

3  o'clock  -  between  mouth  of  suppressor  and 
engine  duct  (FS  2 1  5.3) 

5 

Air  temperature 

9  o'clock  -  1  inch  from  suppressor  surface  at 

FS  223.7 

6 

Air  temperature 

12  o'clock  -  !  inch  from  suppressor  surface 
perpendicular  to  centerline  of  suppressor 
through  FS  223.7 

7 

Air  temperature 

3  o'clock  -  1  inch  from  suppressor  surface  at 

FS  223.7 

8 

Air  temperature 

6  o'clock  -  1  inch  from  suppressor  perpendicular 
to  centerline  of  suppressor  through  FS  223.7 

9 

Air  temperature 

6  o'clock  -  between  mouth  of  suppressor  and 
engine  centerline  of  suppressor  through 

FS  236,2 

10 

Air  temperature 

Inlet  to  the  oil  cooler  blower 

11-24 

Surface  temperature 

As  illustrated  in  figure  2 

Temperature 
Tape  Number 

24-45 

Surface  temperature 

As  illustrated  in  figure  2 

NOTH;  Suppressor  thermocouple  locations  illustrated  in  figure  I. 


28 


•  Total  Pressure 

3,  6 ,  9 ,  &  12  o 'clock 

▼  Static  Pressure 

3,  6,  9,  &  12  o'clock 

■  Temperature  thermocouples 
9  o'clock/3  o'clock 


Air  temp 


■  10  Inlet  to  oil  cooler  blower 


T  it’ll  re  1 

I’rersure  ,iml  I'emporjit  urc  sensor  locations 
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FIGURE  2 

RMOCOUPLE  AMD  TEMPERATURE  TAPE  LOCATIONS 


APPENDIX  D.  TEST  TECHNIQUES 
AND  DATA  ANALYSIS  METHODS 


HANDLING  QUALITIES 

1.  Stability  and  control  data  were  collected  and  evaluated  using  standard  test 
methods  as  described  in  reference  10.  appendix  A. 

2.  The  Handling  Qualities  Rating  Scale  (IIQRS)  presented  in  figure  I  was  used  to 
augment  pilot  comments  relative  to  pilot  workload. 


PRFSSUKE/TEMPER  ATURE  SURVEY 


3.  Pressures  were  recorded  during  stabilized  flight  conditions  using  PCM 
instrumentation.  IK  suppressor  pressures  were  referenced  to  aircraft  boom  static 
pressure  by  means  of  a  differential  pressure  transducer  and  scanivalvc.  A  total  of 
20  pressure  ports  on  the  scanivalvc  were  used  to  sample  the  differential  pressure. 
Pressures  were  measured  in  pounds  per  square  inch  differential  (psid)  and  values 
determined  by  averaging  the  pressures  recorded  for  each  port  using  data  plots  similar 
to  the  one  shown  in  figure  2.  The  location  of  each  pressure  sensor  is  shown  in 
table  I.  appendix  C. 

4.  Temperatures  were  hand  recorded  from  a  selectable  digital  display.  A  total  of 
24  thermocouples  were  used.  Temperature  sensitive  tapes  were  used  to  supplement 
thermocouple  readings.  I  he  locations  of  the  therocouples  and  temperature  sensitive 
tapes  are  shown  in  table  2,  appendix  ('. 


AIRSPEED  C ALIIIR  VTION 

5.  Calibrated  airspeed  was  obtained  by  correcting  indicated  airspeed  using 
instrument  and  position  error  corrections.  I  lie  airspeed  from  the  boom  system  was 
used  for  all  data  reduction.  The  calibration  for  the  boom  airspeed  system  used 
during  this  test  is  shown  in  figure  3 


DEFINITIONS 

h.  Definitions  of  deficiencies  and  shortcomings  used  during  this  test  are  shown 
below. 

a.  Deficient-;.  -  A  defect  or  malfunction  discovered  during  the  life  cycle  of 
an  item  of  equipment  that  eonstitutes  a  safety  hazard  to  personnel;  will  result  in 
serious  damage  to  the  equipment  if  operation  is  continued  .  or  indicates  improper 
design  or  other  cause  of  failure  of  an  item  or  part,  which  seriously  impairs  the 
equipment’s  operational  capability. 

b.  Shortcoming  -  An  imperfection  or  malfunction  occurring  during  the  life 
cv  lc  of  equipment  which  must  be  reported  and  which  should  be  corrected  to 
increase  efficiency  and  to  render  the  equipment  completely  serviceable.  It  will  not 
cause  an  immediate  breakdown,  jeopardize  safe  operation,  or  materially  reduce  the 
useability  of  the  material  or  end  product. 


,  Dl  VIANDS  ON  Tilt  PILOT 

ADfcQl'ACY  IOR  Mlinill  TASK  AlH(  K  At- T  IN  SLLLCTtD  i  ASK  PILOI 

OR  RICH  IRI  I)  OP!  RATIOS*  (  HARAI  Tf  RiSTK  S  Kl  Ql  IREI)  OPI  RATION*  RATING 


Figure  1.  Handling  Qualities  Rating  Seale 
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Figure 

Figure  Number 

Control  positions  in  trimmed  flight 

1  through  6 

Collective  fixed  static  longitudinal  stability 

7  through  10 

Static  lateral-directional  stability 

1 1  through  14 

Manuevering  stability 

1 S  and  1 6 

Dynamic  stability 

Longitudinal  long  period 

17 

Longitudinal  short  period 

18  and  19 

Lateral-directional  oscillation 

20  through  28 

Low  Speed  Flight 

29  through  32 

Simulated  engine  failure 

33  through  36 

Pressure  survey 
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APPENDIX  F.  EQUIPMENT  PERFORMANCE  REPORTS 


EQUIPMENT  PERFORMANCE  REPORT 

0),\K COW  AVCR  7(1)-  as, 


8  June  1981 


j  OFFICE  SYMBOL: 


T0:  Commander 

U.S.  Amy  Aviation  Ri«D 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120 

1.  tPR  NOil  I?.  TECOM/AVSCOM  PROJ  NO.: 

80-06-1  USAAEFA  80-03 


_ I _ davte-ta 

f rom:  commander 

U.A.  Amy  Aviation  Engineering  F1 1  chi 
Activity 

ATTN :  DAVTE-TA  (SToo  217) 

- HfTfo ■'  €A  y»»3 - 

Prelim  Eval  of  UH-1H  with  HUPP  IR 


4  “optL _ J11H 

6.  QUANTITY  Qne 

8  MF  R 

10.  NOMENCLATURE /DESCRIPTION: 

11.  FSN: 

_________ 

15.  QUANTITY: 

IT.  MAC  FUNCTIONAL  GRP: 

19.  DATE  OF  OCCURRENCE 
22  MAINT  SPT,  ELM.  CODE: 


I  MAJOR  ITEM  ^ATA 

5  sIrIAL  NO 
-  7  Llf  t  RIOD 

9  USA lO~ 

II  PART  DATA 


is,  mf ft  part  no.:  3e11  D/n  205-068-217-1 
l4, MFW: _ Bell  Helicopter  Textron 


14.  MFR:  f 

16.  NE  XT  ASStMBLY: 
18.  MART  T t ST  LIFE: 

III  INODENT  DATA 


1  2X  OB  SERVED 'DURING 

X 

q.  operation 

b.  maintenance 

inspection 

_ 

4.  OTHER 

24.  TtST  ENVIRONMENT. 

Suspect  that  damaae 
occurred  durino 
sideward  or  rearward 
flight 


20.  TYPE  OF  RfPORT : 

0  INCIDENT 

b.  information 

2S.  INCIDENT  CLASSIFICATION;  | 

O  CRITICAL 

In 

L  MAJOR 

c  MINOR 

21.  ACTION  TAKEN: 

_  «-  REPLACED 

_  b.  HEP  AIRED 

c.  ADJUSTED 

_  d.  DISCONNECTED 

X  |«.  REMOVED 
I.  NONE 


_ ' _ IV  IHCIDENT  DESCRIPTION _ 

26.  DESCRIBE  INCIDENT  FULLY  (INCLUDE  IMPACT  OF  INCIDENT  ON  MAC  CODE  IDENTIFIED  IN  BLOCK  22): 

Durino  removal  of  the  IR  suppressor  (191*30-4),  it  was  noted  that  there  was  damage  to 
the  exhaust  duct  (19134-1-1)  where  the  exhaust  duct  fits  internally  into  the  IR 
suppressor  bellmouth.  The  exhaust  duct  is  warped  out  of  shape  and  has  been  contacting 
the  leading  edge  of  the  IR  suppressor  struts  inside  the  bellmouth.  Score  narks  on  the 
struts  indicate  that  there  has  been  _V  lateral  flexing  or  movement  against  the  strut 
Looking  at  the  exhaust  duct  from  the  rear  of  the  aircraft  at  the  1  to  2  o'clock 
position,  approximately  ’2  inch  of  duct  metal  has  been  oushed  forward  and  torn  where 
the  suppressor  strut  contacted  the  duct. 

I  suspect  two  possible  causes:  (1)  The  exhaust  duct  warped  out  of  shape  against  the 
struts  causing  the  score  marks  on  the  struts.  (2)  The  IR  suppressor  may  be  positione 
too  close  to  the  exhaust  duct  as  a  result  of  the  new  fairing  and  bulkhead  rework.  In 
particular  it  appears  that  th?  new  gusset  support  (Bell  o/n  205-038-21G-121  and  -122) 
may  move  the  suppressor  further  forward  aqainst  the  duct. 

Recommend  that  the  suppressor  be  repositioned  aft  of  its  present  location  and  that  th 
outer  ring  of  the  exhaust  duct  be  reinforced  similar  to  the  standard  UH-1  exhaust  due 
to  prevent  waroaoe.  INC  jent  classification  is  subject  to  reclassification _ 

27  DEFECTIVE  MATERIAL  SENT  Tr 

j«.  name,  title  &  Tf  l  e*t  ~  preparer  79.  for  the  commander:  ™  ~~  ~  — 

1  IRA*'  KVICRTH 

2  a -4 

AV350-478G 


29.  FCR  THE  COMMANDER: 


OARCOM  2134 


Pti  \  n.ijn  i  r iitron  ir.,v  h< -  u:~v'i  until  rxh  itistrd. 
77 


Best  Available  Copy 


"  Corciander 

U.S.  Army  Aviat 

ion  Engr 

ATTN:  DAVTE-TA 

,  Stop  21 

Edwards  AF3,  CA 

93523 

T  I  T  II I  i  I. 

UH-1!!  19  Suonressor 


I  MAJOR  ITEM  DATA 

;  v 


59-15532 


I  .  •«  vi  • 
l|.*  *. 


i  v  ..  ami  : . 


H  PART  DATA  __ _ 

■'-rolt  h?:p;'  in  5uwp!  tiiiur.  _ 

/••OWX*#xm  Serial  -'O.  123-417 
Garrett  Ai  Research 


.011',“.  iJ  / 


in  incident  data 


MAIN  T  »'’T  f  I  M,  .  I 
I  I 

I  *  V*  M  *  •  !  *  N  A  * .  ■ 


i  l.  A<  7  ICN  T  Afc  £  N. 

_ Ktf’lACCP 

_  t  Rt^AiREP 

L  '*  APJ*-‘*T£P 

!  i  fW  JNNCC TED 

i  .♦  vfMOvtn 


*.  N  NL 


iv  inodent  nrse^'f  t  un 


The  new  -■.innt  >  ,v  v  i soria I  ;■>.  1 29-147)  provided  for  Phase  II  of  this 
program  was  von  in  ivc  developed  four  burned  areas  (hot  spots)  as  indicated 
by  discolor  if  •  >■  .  '  •  <■  1'  2.  <v- :  o'-  lick  positions  around  the  suppressor 

surface  -f‘  o’  :»'<•  ■(•;•  ••  ■!  nnint-;.  In  -it  spots"  appeared  as  shown  in  the 
accompany;  >r:  ■  .  ‘  ■  •'  i-vc  . •  i  i-v  •  on  of  the  conditions  creating  the 

burned  are  v.  t>  >•  ■  -  •  •  j . 


DAOCOe 


Best  Avai  lab >3  Ci 


DISTRIBUTION  LIST 

! 


Deputy  Chief  of  Staff  for  Logistics  (DALO-SMM) 

Deputy  Chief  of  Staff  for  Operations  (DAMORQ) 

Deputy  Chief  of  Staff  for  Personnel  (DAPE-HRS) 

I 

Deputy  Chief  of  Staff  for  Research  Development  and  Acquisition 
^DAMA-PPM-T.  DAMA-RA.  DAMA-WSA) 

I 

Comptroller  of  the  Army  (DACA-FA) 

US  Army  Materiel  Development  and  Readiness  Command 
(DRCDE-DH,  DRCQA-E.  DRCRE-I,  DRCDE-RT) 

US  Army  Training  and  Doctrine  Command  (ATTG-U,  ATCD-T, 

ATCD-ET,  ATCD-B) 

US  Army  Aviation  Research  and  Development  Command 
(DRDAV-DI,  DRDAV-EE,  DRDAV-EG) 

US  Army  Test  and  Evaluation  Command  (DRSTS-CT,  DRSTS-AD) 

US  Army  Troop  Support  and  Aviation  Materiel  Readiness  Command 
(DRSTS-Q) 

US  Army  Logistics  Evaluation  Agency  (DALO-LHI) 

US  Army  Materiel  Systems  Analysis  Agency  (DRXSY-R,  DRXSY-MP) 

US  Army  Operational  Test  and  Evaluation  Agency  (CSTE-POD) 

US  Army  Armor  Center  (ATZK-CD-TK) 

US  Army  Aviation  Center  (ATZQ-D-T,  ATZQ-TSM-A.  ATZQ-TSM-S 
ATZQ-TSM-U) 

US  Army  Combined  Arms  Center  (ATZLCA-DM) 

US  Army  Infantry  Center  (ATSH-TSM-BID  ! 

US  Army  Safety  Center  (KIAR-TA.  IGAR-Library) 

US  Army  Research  and  Technology  Laboratories  (DAVDL-AS/DAVDL-POM) 
US  Army  Research  and  Technology  Laboratories/ Applied  Technology 
Laboratory  (DAVDL-ATL-D,  DAVDL-Library ) 


1 

I 

1 

3 
1 

4 

4 

10 

2 

I 

1 

2 

1 

I 

3 

1 

I 

1 

2 


Best  Available  C 


US  Army  Research  and  Technology  Laboratories/ Aeromechanics 


Laboratory  (DAVDL-ATL-D)  1 

US  Army  Research  and  Technology  Laboratories/Propulsion 

Laboratory  (DAVDL-PL-D)  I 

Defense  Technical  Information  Center  (DDR)  12 

US  Military  Academy  (MADN-F)  I 

MTMC-TEA  (MTT-TRC/Steve  Hola)  ,  1 

*  i 


